INTRODUCTION
Immune checkpoint inhibitors (ICIs) targeting cytotoxic Tlymphocyte associated protein-4 (CTLA-4), programmed cell death protein-1 (PD-1), and its ligand PD-L1, are established cancer immunotherapies for solid tumor and hematologic malignancies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . At present, ipilimumab, nivolumab, pembrolizumab, and the ipilimumab/nivolumab combination are U.S. Food and Drug Administration approved for metastatic melanoma [1, 2, 11] ; nivolumab, pembrolizumab, and atezolizumab monotherapy for non-small cell lung cancer (NSCLC) [3] [4] [5] [6] ; nivolumab monotherapy for renal cell carcinoma (RCC), head and neck squamous carcinoma, and Hodgkin's lymphoma [7, 8, 12] ; pembrolizumab for head and neck squamous carcinoma [13] ; and atezolizumab for urothelial carcinoma [9] . In general, anti-PD-1/PD-L1 monotherapy is associated with a relatively mild toxicity profile [14] . However, immune-related adverse events (irAEs) may develop and lead to disabling symptoms that can be challenging to diagnose and manage [15] . Awareness of the clinical presentations and management of these toxicities is essential as the use of these agents expands.
The clinical features and outcomes of patients with irAEs, such as colitis [16] , thyroid dysfunction [17] , hypophysitis [18, 19] , skin rash [20, 21] , and pneumonitis [22] , have been described, with accompanying algorithms for irAE diagnosis and management [14] . In general, irAE management includes drug-holding, tapering doses of corticosteroids, and specific immunosuppression for clinically severe cases, such as infliximab for colitis and mycophenolate for hepatitis [14] . However, inflammatory arthritis (IA) secondary to ICIs is a less comprehensively reported irAE, without a described management approach. Herein, we summarize what is known about the clinical presentation, management, and outcomes of patients who develop IA with ICIs, and, based on these data, propose a new algorithm aimed at assisting treating oncologists to diagnose and manage this irAE.
INFLAMMATORY ARTHRITIS WITH IMMUNE CHECKPOINT BLOCKADE
Inflammatory arthritis that occurs with ICIs has been reported in a small number of clinical trials, with an estimated incidence of 1%-7% [11, 23, 24] . These reports, however, do not provide specific details about how arthritis was defined, types of arthritis seen, management, or outcomes. Arthralgia, which may or may not represent IA, is reported more frequently in clinical trials and ranges from 4% to 22%. Isolated case reports of IA with ICIs include: (a) two patients with polyarticular IA and tenosynovitis that occurred after 11 months and 14 months of pembrolizumab therapy for metastatic melanoma [25] and (b) a patient with advanced RCC who developed non-erosive Jaccoud's arthropathy [26] and a second patient with advanced NSCLC who developed psoriasis with psoriatic arthritis, both after treatment with nivolumab [27] . Inflammatory arthritis management was reported for the latter patient, and included treatment with methotrexate and a corticosteroid taper for both skin and joint involvement.
The largest series of ICI-related IA was published by Johns Hopkins investigators, and included nine patients (metastatic melanoma 5 3, NSCLC 5 4; small cell lung carcinoma 5 1; RCC 5 1) treated with ipilimumab/nivolumab (n 5 7) and/or nivolumab (n 5 2), respectively, who developed moderate to severe toxicity (grade 2: n 5 5, grade 3: n 5 4) [28] . After a comprehensive rheumatologic assessment, the clinical presentation of IA in these patients was found to resemble three distinct clinical phenotypes: (a) rheumatoid arthritis (RA; 6), (b) reactive arthritis (2) , and (c) seronegative spondyloarthritis (1) . Patients with the RA-like IA presented with joint pain and swelling in the upper and lower extremities, followed by classic symmetrical swelling of the proximal interphalangeal joints, metacarpophalangeal joints, and/or wrists over time. Additionally, these patients tended to require higher corticosteroid Commentary doses (1-2 mg/kg/day prednisone/equivalent), when compared with patients with de novo RA (usually no more than 10-20 mg/day), and these patients' symptoms persisted following ICI discontinuation. Patients with reactive-arthritis-like IA (n 5 2) had arthritis, conjunctivitis, and urethritis, and were successfully treated using infliximab and 1-2 mg per kg of prednisone per day for two weeks followed by adalimumab, respectively. Lastly, one patient in this series had a large joint oligoarthritis, consistent with seronegative spondyloarthritis, and was managed with 40 mg of prednisone per day. Autoantibody assessments were performed but none were positive for rheumatoid factor and anti-cyclic citrullinated peptide antibodies, while three patients had slightly elevated antinuclear antibody levels.
PROPOSED MANAGEMENT ALGORITHM FOR IMMUNE-RELATED INFLAMMATORY ARTHRITIS
The diagnostic evaluation and treatment of irAEs thus far have been based on clinical experience from patients treated with these agents on clinical studies or as standard-of-care [14] , and may be summarized in the form of algorithms [29, 30] , stratified according to the National Institutes of Health Common Toxicity Criteria for Adverse Events [31] . While prior studies have indicated that this system may underestimate the severity and functional implications of rheumatologic AEs [32] , it is a widely utilized oncology classification system. Based on the clinical data presented above, we propose an algorithm for ICI-related IA (Fig. 1) . We note that the recommendations are based on a limited number of cases in our early clinical experience.
In this algorithm, we assert that treating physicians should clinically assess patients with suspected ICI-related IA for joint pain and swelling, as well as "inflammatory" symptoms, , Avoid tocilizumab and tofacitinib due to potential bowel side effects. Avoid abatacept due to abrogation of checkpoint inhibition and potentially detrimental effects on tumor response.^, Methotrexate (MTX) should be administered at a starting dose of 15 mg weekly dose with daily folic acid supplementation. Titrate up to a maximum of 25 mg weekly, or switch to injectable MTX if can't tolerate oral. Abbreviations: ADL, activity of daily living; ANA, anti-nuclear antibody; CCP, anti-cyclic citrullinated peptide; HLA-B27, human leukocyte antigen B27; NSAIDs, nonsteroidal anti-inflammatory drugs; RF, rheumatoid factor; TNF, tumor necrosis factor.
including: joint stiffness, morning accentuation of stiffness and pain, limited range of motion, and improvement of joint symptoms with movement or heat. Relevant investigations should include a panel of inflammatory and serologic markers, as well as radiologic imaging of affected joints (US/MRI) to identify erosive disease, for which corticosteroids would be inadequate to prevent further damage, and additional immunosuppression may be warranted. Rheumatology referral should be considered for recommendations regarding choice and interpretation of imaging, as well as management of patients with moderate to severe symptoms (grade 21), symptoms lasting >4 weeks, or a requirement of >20 mg of prednisone per day that cannot be tapered to <10mg within 4 weeks. Rheumatologists can assist with classification of joints involved, help to differentiate arthralgia from true IA, and evaluate for related symptoms such as enthesitis, dactylitis, and axial IA. In patients with one joint disproportionately affected or resistant to treatment, metastatic disease should be considered.
To treat ICI-related IA, nonsteroidal anti-inflammatory drugs can be used for supportive management and intra-articular steroids as local therapy for those with limited involvement of accessible joints. Intra-articular steroids may be particuarly useful when larger joints are involved and when there are fewer than three joints affected. Grade 1 cases should be managed supportively, and ICIs may be continued with close monitoring for moderate and persistent symptoms that require intervention (grade 2). In the largest series of IA [28] , all five patients with grade 2 IA had improvement and/or resolution with intraarticular steroids with or without prolonged prednisone taper. However, the four patients with grade 3 IA initially treated with prednisone 40 mg for moderate symptoms went on to require higher doses (prednisone 1 mg/kg/day or equivalent) and additional immunosuppression. Therefore, patients with grade 2 IA may start with 20 mg of prednisone per day and have their management adjusted based on IA response. For grade 2 toxicity, we therefore recommend that clinicians consider holding immunotherapy since IA may worsen, while also considering whether an individual's cancer is likely to benefit from continued ICIs. In grade 3 cases, additional immunosuppression used successfully included: methotrexate (MTX), etanercept, infliximab, and adalimumab. Methotrexate, sulfasalazine, and leflunomide can be considered for use as steroid-sparing agents for IA. Methotrexate monotherapy has been used successfully in several patients, after initial publication of the nine cases included in the above series. Notably, two patients from an extended series including these nine patients were successfully treated with MTX and subsequently able to discontinue corticosteroids and reduce to daily low-dose corticosteroids, respectively [33] . The caveat to the use of these agents is that the time to onset can be 6-12 weeks or longer. A 6-12 week period may not be acceptable for patients who plan to re-initiate immunotherapy or patients with a limited life expectancy. Additionally, the combination of MTX and tumor necrosis factor (TNF)-inhibition may be more efficacious than MTX alone in selected cases [27, [34] [35] [36] [37] . The choice of TNF-inhibition should also be considered depending on the presence of other irAEs, as monoclonal antibodies (e.g., infliximab, adalimumab) may be preferable to soluble receptors (etanercept) in those with immune-related colitis, and tocilizumab and tofacitinib should likely be avoided due to possible potentiation of gastrointestinal perforation [38, 39] . In addition, abatacept, which augments T-cell activation through CD28, may need to be avoided lest it abrogate the effect of anti-CTLA-4 ICIs [40] . Prior to administration of immunosuppression, patients should also be assessed for chronic infections (e.g., hepatitis B, C, tuberculosis) and classified with a specific form of IA [41, 42] . There is limited experience with regard to recurrence or clinical outcomes of IA when a patient is rechallenged with immunotherapy after an initial episode of IA. Two patients have been successfully treated for grade 2 IA with prednisone and rechallenged with immunotherapy. One was rechallenged with the same anti-PD-1 agent and the other with a different anti-PD-1/ PD-L1 agent on a clinical trial without recurrence of IA. It is important to note that both of these patients were maintained on low dose steroids (7.5-10 mg daily of prednisone).
CONCLUSION
With a growing pipleine of ICIs, the use of these agents for cancer therapy is expanding rapidly. There is, thus, a critical need to gain familarity with immune-related toxicities and their management. Immune checkpoint inhibitor-induced IA is an underappreciated irAE that may be clinically severe, rapidly destructive, disabling, and impactful on quality of life. Published data from clinical trials likely underestimates the true incidence of IA, due to rheumatologic symptoms that may be recorded separately, but together represent one clinical syndrome [32] . Immune checkpoint inhibitor-related IA in reported studies and published cases [25] [26] [27] [28] exhibit a range of appearances and require special management considerations. Thus, we, as a multi-disciplinary team composed of rheumatologists, oncologists, clinical trialists, and both rheumatology and oncology laboratory researchers, put forward our provisional diagnostic and management recommendations of this phenomenon. This algorithm will require validation in larger datasets in the future. The oncology community should be made aware of the diagnostic evaluation of these patients, which includes comprehensive musculoskeletal examinations, laboratory assessments that may not be routinely completed in oncology clinics, and radiologic assessments for structural changes affecting management choices. In addition, there are important management considerations that are distinct from other irAEs, including the use of intra-articular steroids as local therapy, starting lower doses of corticosteroids initially for moderately symptomatic cases, as well as the use of immunosuppressants, such as MTX and a TNF-inhibitor, alone or in combination.
